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Item 1 7  - Data Collect ion and Analyt ical  Needs, presented by Norman Abramson. 

Before discussing data  and ana lys i s  needs, we must determine why 
data  and ana lys i s  a r e  required.  
of da ta  j u s t  f o r  the  sake of accumulating i t ,  and then deciding what i t  
i s  good f o r  a t  some l a t e r  t i m e .  
co l lec ted  da ta  without having a w e l l  defined plan f o r  i t s  u t i l i z a t i o n .  

A t  a l l  cos t s  we must avoid the co l l ec t ion  

All too of ten  w e  f i s h e r i e s  workers have 

In general ,  we may s t a t e  t h a t  data  are needed i n  order  t o  manage the  
f i s h e r i e s .  However, t h a t  answer i s  too simple t o  guide the design of 
data  c o l l e c t i o n  and management research programs as we wish t o  do a t  t h i s  
workshop. To help de l inea te  the objec t ives  more c l e a r l y ,  I have chosen 
to  divide management a r b i t r a r i l y  i n t o  the following three l eve l s  of 
s oph i s t i c  a t  ion. 

Level 1. Based upon a general  knowledge of the abundance of s tocks 
of in te rens ,  be ab le  to  de t ec t  problems so  tha t  concentrated programs 
can be d i rec ted  a t  these a reas .  This is  probably the minimm leve l  of 
management t h a t  most f i r h e r i e s  adminis t ra tors  would wish to  employ. 

Level 2 .  To cont ro l  s tock  s i z e ,  s tock  product iv i ty ,  and ca tch  by 
means of regulatory a c t i v i t i e s .  
a t  obtaining the maximum y ie ld  i n  weight from a s tock,  cons i s t en t  wi th  
conservation of the resource. 

This type of management i s  usual ly  aimed 

Level 3. This h ighes t  l eve l  of soph i s t i ca t ion  i n  management schemes 
would a i m  a t  optimizing the use of the resource i n  terms of economic o r  
s o c i a l  benef i t s .  The l eve l  of harvest ing and t h e - d i s t r i b u t i o n  of the 
ca tch  among the f i sh ing  un i t s  would, i n  general ,  no t  coincide with those 
determined under Level 2 Management. 

It should be pointed out  t h a t  Level 2 Management has r a re ly  been 

Of course,  most of our f i s h e r i e s  a r e  
achieved i n  proc t ice  and the much more complicated Level 3 schemes 
remain i n  the discussion s tage .  
regulated using regulatory dgvices which would be appropriate  t o  Level 2 
o r  Level 3 management, but  the regulat ions a r e  not  general ly  based upon 
the information required t o  a t t a i n  t rue  management. 

When w e  consider  the types of data  which a r e  needed and the 
ana ly t i ca l  methods to  be employed f o r  a t t a i n i n g  a p a r t i c u l a r  management 
l eve l ,  i t  w i l l  be necessary to  c l a s s i f y  each f i she ry  according to  i t s  
p a r t i c u l a r  cha rac t e r i s t i c .  These f i she ry  c h a r a c t e r i s t i c s  determine, to  
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some exten t ,  the types of regulatory mechanisms which can successfu l ly  be  
employed and thus a r e  re levant  when designing data  co l l ec t ion  and ana ly t i ca l  
plans.  The f i shery  c h a r a c t e r i s t i c s  I r e f e r  t o  a re :  pr imari ly  recrea t iona l ,  
pr imari ly  commercial, both recrea t iona l  and commercial, s ing le  species  
f i she ry ,  o r  mult i -species  f i shery .  It w i l l  be seen tha t  the l i s t  of species  
on the agenda of t h i s  Workshop includes representa t ives  which can be assigned 
t o  each of these ca tegor ies .  

Data o r  Estimates Needed f o r  Level 1 Management 

Level 1 Management of a s ing le  species  f i she ry  o rd ina r i ly  can be 
ca r r i ed  out  i f  r e l a t i v e  abundance of the s tock i s  known. Tradi t iona l ly ,  
r e l a t i v e  abundance has been es timated with the use of ca tch-per -uni t -e f for t  
s t a t i s t i c s .  The impl i c i t  assumption involved i n  such u s e  of catch-per-  
e f f o r t  i s  t h a t  however the s t a t i s t i c  i s  ca lcu la ted ,  i t  w i l l  be proport ional  
t o  the abundance of the stock. To be meaningful the e f f o r t  un i t s  must be 
standardized i n  a way t h a t  co r rec t s  f o r  changes i n  e f f ic iency  a s  a funct ion 
of time and the e f f e c t s  of aggregation of the f i sh ing  un i t s  on the f i s h .  
In  addi t ion ,  unless a constant  f r a c t i o n  of the s tock i s  always ava i l ab le  
to  f i she ry ,  compensation m u s t  be made f o r  changes i n  a v a i l a b i l i t y  over time. 
Many anomalies which appear when observing ca tch-per -uni t -e f for t  s t a t i s t i c s  
a r e  probably due to such uncompensated changes i n  a v a i l a b i l i t y .  

For Level 1 management of mult i -species  f i she ry ,  a l l  of the above 
information w i l l  be needed. In  addi t ion ,  an addi t iona l  e f f o r t  adjustment 
w i l l  be required f o r  preferred species  e f f ec t s .  Without such an adjustment, 
raw e f f o r t  s t a t i s t i c s  w i l l  tend to  be overestimates r e l a t i v e  to  those 
species  which a r e  only secondari ly  sought a f t e r .  

Data o r  Estimates Needed f o r  Level 2 Management 

Level 2 management, aimed a t  maximizing the sus ta inable  y i e ld ,  usual ly  
w i l l  u t i l i z e  one of two types of y i e ld  models-a Surplus Production Model 
o r  a Dynamic Pool Model. 

Management based upon a S u r p l u s  Production o r  Schaefer-type Model i s  
general ly  unsui table  f o r  recrea t iona l  f i s h e r i e s .  Since regulat ion i s  ca r r i ed  - - 
ou t  by s e t t i n g  a quota on the aggregate amount of catch o r  e f f o r t .  There 
would be g rea t  technical  as  wel l  a s  public r e l a t ions  problems i n  conducting 
t h i s  type of regula t ion  on a s p o r t  f i shery .  Because of t h i s ,  and because 
of assumptions assoc ia ted  with these models, they a r e  most useful  f o r  
commercial f i s h e r i e s  which exp lo i t  shor t - l ived  species .  A l s o ,  they may 
o f f e r  the most f e a s i b l e  management methods f o r  unageable animals. 

Employment of t h i s  method on a s ingle-species  commercial f i she ry ,  requi res  
s t a t i s t i c s  giving ca tch  i n  weight, e f f o r t  standardized f o r  e f f i c i ency ,  
and the d i s t r i b u t i o n  of f i sh ing  e f f o r t  r e l a t i v e  to  the exploi ted population. 
Since ex i s t en t  f i t t i n g  methods perform ra the r  poorly a t  es t imat ing the 



92 

ca tchab i l i t y  coe f f i c i en t  and the population s i z e ,  i t  i s  highly des i rab le  
to  have independent es t imates  of one of these parameters. 
independent population est imates  might be obtained from egg and l a r v a l  
surveys,  from a combination of mor ta l i ty  r a t e  es t imates  and numbers of 
f i s h  i n  the landings,  o r  from d i r ec t  sea survey est imates  of biomass. 
With the s u r p l u s  production model i t  is espec ia l ly  important t h a t  catch-  
pe r -un i t - e f fo r t  can be assumed proport ional  t o  the average population 
s i z e  over the time in t e rva l  u t i l i z e d .  

For example, 

To use a Surplus Production Model on one species  taken by a m u l t i -  
species  f i she ry  requi res ,  i n  addi t ion  to  the f ac to r s  mentioned above, an 
c o r r e c t  adjustment i s  d i f f i c u l t  t o  determine. 

Management based on a dynamic pool model may involve e i t h e r  the 
y i e ld -pe r - r ec ru i t  form o r  a model of the f u l l  system. 
incorporate  a densi ty  dependent recruit-spawner r e l a t ionsh ip  and possibly 
densi ty  dependent growth and mor ta l i ty  r a t e s .  
dependent e f f e c t s  a r e  s o  e lus ive  t h a t  the y i e ld -pe r - r ec ru i t  model has 
general ly  been used i n  management. 
management regula t ions  f o r  severa l  Cal i fornia  recrea t iona l  species .  

The l a t t e r  would 

Estimates of the densi ty  

It has been used  to  promulgate 

Estimates of the following population parameters a r e  r equ i s i t e s  f o r  
using a dynamic pool model i n  any f i she ry  s i tua t ion .  

A growth i n  weight funct ion i s  required.  The data  needed t o  develop 
t h i s  funct ion may be obtained from measuring, weighing, and aging the 
animals. Al te rna t ive ly ,  such a funct ion can be developed from data  
obtained by growth over a time in t e rva l ,  a s  determined from tagging 
experiments, 

The na tu ra l  mor ta l i ty  rate is  a l s o  needed. This i s  probably the 
most d i f f i c u l t  parameter t o  es t imate  and consequently i t  i s  missing from 
most data  s e t s  which otherwise could be used to  f i t  t h e  y i e ld -pe r - r ec ru i t  
model. 

I f  both t o t a l  and f i sh ing  mor ta l i ty  r a t e  estimates a r e  ava i l ab le ,  
na tu ra l  mor ta l i ty  may be estimated by subtract ion.  
from s e r i e s  cons is t ing  of t o t a l  mor ta l i ty  es t imates  and e f f o r t  s t a t i s t i c s  
which apply to  iden t i ca l  time periods.  Here i t  i s  e s sen t i a l  t h a t  f i sh ing  
mor ta l i ty  can be assumed proport ional  t o  e f f o r t .  

It can a l s o  be obtained 

I f  the species  being inves t iga ted  i s  taken by a f i she ry  regulated 
under a s i z e  l i m i t ,  n a tu ra l  mor ta l i ty  may be estimated from the dec l ine  
i n  abundance of a year  c l a s s  during the pre-s ize  l i m i t  ages.  L t  can a l s o  
be estimated from the decl ine i n  abundance of a year c l a s s  during the 
closed season from e i t h e r  s ta t is t ics  gathered from the f i she ry  o r  from 
research vesse l  es t imates  of abundance. The preceding methods requi re  the 
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assumption t h a t  na tu ra l  mor ta l i ty  does no t  change with age, i n  the f i r s t  
case ,  and t h a t  na tu ra l  mor ta l i ty  does no t  exh ib i t  seasonal systematic 
changes, i n  the second case.  

Rough est imates  of the na tu ra l  mor ta l i ty  r a t e  can be deduced from 
von Bertalanffy growth curve parameters. 
a r e  n o t  s u f f i c i e n t l y  accurate  f o r  ana ly t i ca l  purposes. 

Estimates of M from t h i s  source 

Another needed component of the dynamic pool model i s  the f i sh ing  
mor ta l i ty  r a t e .  Many methods e x i s t  f o r  es t imat ing F, mostly involving 
the use of tagging experiments. 

It can a l s o  be estimated from the ca tch  i n  numbers over a time 
period and the average t o t a l  population over the same period. For 
example, t o t a l  population might be determined from an egg and l a rva l  
survey. 

F a l s o  could be estimated from e f f o r t  s t a t i s t i c s  i f  i t  is assumed 
t h a t  f i sh ing  mor ta l i ty  i s  proport ional  t o  e f f o r t  and i f  the r e l a t ionsh ip  
between e f f o r t  and F has been establ ished.  
f o r  obtaining a time s e r i e s  of f i sh ing  mor ta l i ty  es t imates ,  but  i t  requires  
t h a t  na tu ra l  mor ta l i ty  be known and t h a t  an independent es t imate  of F be 
ava i l ab le  f o r  a s ing le  time i n t e r v a l  within the s e r i e s .  

The Murphy Method i s  useful  

In  add i t ion  to  the preceding parameter es t imates  required f o r  the 
y i e ld -pe r - r ec ru i t  model, a funct ion r e l a t i n g  recruitment t o  spawning 
s tock  i s  needed f o r  a f u l l  s e l f  generating dynamic pool model. 
upon da ta  and examples t h a t  have appeared on the l i t e r a t u r e ,  t h i s  funct ion 
i s  very d i f f i c u l t  t o  determine. The d i f f i c u l t y  may stem from the f a c t  
t h a t  the assumed mathematical models which have been used a r e  not  ac tua l ly  
desc r ip t ive  of the re la t ionship ,  o r  because the s t a t i s t i c s  used t o  f i t  
the model have very high v a r i a b i l i t y .  Since the f i t t i n g  procedure involves 
a regression,  and only one observation i s  ava i l ab le  f o r  each year ,  a 
s u f f i c i e n t l y  l a rge  number of data  points  has r a re ly ,  i f  ever ,  been 
ava i lab le .  Data sources f o r  f i t t i n g  such models include aged d a t a  and 
accompanying e f f o r t  s t a t i s t i c s  o r  Murphy Method est imates  of the absolute  
abundances of a s e r i e s  of year c lasses .  Other more d i r e c t  methods of 
es t imat ing year  c l a s s  abundances might a l s o  be used. 

Based 

I should be pointed out  t h a t  one of the d i f f i c u l t i e s  i n  using a 
dynamic pool model f o r  management purposes, pa r t i cu la r ly  the case  of 
s e t t i n g  a s i z e  l i m i t  based on a y i e ld -pe r - r ec ru i t  model, i s  t ha t  each 
possible  optimum s i z e  l i m i t  accompanies a d i f f e r e n t  f i sh ing  mortal i ty .  
To regula te  a spo r t  f i she ry  by means of a f ixed s i z e  l i m i t ,  cont ro l  over 
the amount of f i sh ing  e f f o r t  would be needed f o r  optimum management. 
Al te rna t ive ly ,  f i sh ing  e f f o r t  could be continuously measured and the s i z e  
l i m i t  adjusted accordingly.  
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Data o r  Estimates Needed f o r  Level 3 Management 

Before data  c o l l e c t i o n  can be planned f o r  Level 3 management, 
adminis t ra t ive  decis ions m u s t  be reached which def ine the regions over 
which opt imizat ion w i l l  be attempted. Such regions f o r  po ten t i a l  
optimization could range from the maximum s a t i s f a c t i o n  of the aggregate 
of anglers  t o  the maximum economic cont r ibu t ion  to  a geographic area.  
For a mixture of s p o r t  and commercial f i s h e r i e s  u t i l i z i n g  the same spec ies ,  
more that one region f o r  opt imizat ion may be se lec ted  and some formula 
devised f o r  a l loca t ing  the resource among competing users .  Even f o r  
pure recrea t iona l  f i she ry ,  economic aspects  as w e l l  a s  angler  s a t i s f a c t i o n  
a r e  involved. 

* 

Level 3 management of s ing le-or  mult i -species  recrea t iona l  f i she ry ,  
requires  a l l  of the data  base needed f o r  Level 2 management. Assuming 
some type of angler  s a t i s f a c t i o n  opt imizat ion were chosen a s  a c r i t e r i o n ,  
a g r e a t  deal  of data  should be co l lec ted  regarding the cons t i t u t ion  of 
individual  ang le r ' s  bags. These data  should include the numbers of f i s h  
composing the bags, the s i z e s  of the f i s h ,  the species  composition, and 
the  ca tch  rate. Since w e  have v i r t u a l l y  no objec t ive  information on the  
f ac to r s  which give s a t i f f a c t i o n  to  the spo r t  fisherman, some type of 
psychological o r  soc io logica l  study should be mounted t o  measure the 
s a t i s f a c t i o n  e f f e c t s  of the aforementioned f ac to r s .  In addi t ion ,  such 
things as the r e l a t i o n  of s a t i s f a c t i o n  to  the ind iv idua l ' s  ca tch  r e l a t i v e  
to  bag or  s i z e  l imi t s  should be evaluated. I bel ieve tha t  as we face  
increasing angling pressure and subs t an t i a l ly  nonincreasing f i s h  s tocks ,  
w e  w i l l  have t o  inves t iga t e  the var ious f ac to r s  t h a t  give people pleasure 
from recrea t iona l  f i sh ing .  

With regard to  measuring economic benef i t s  r e su l t i ng  from spor t  
f i sh ing  a c t i v i t i e s ,  data  a r e  required on expenditures made f o r  f a re s  
and admissions, b a i t  and tackle ,  and o ther  angling r e l a t ed  expenses. 
Other quan t i t i e s  of possible  value include the worth of spo r t  caught 
f i s h  on a market bas i s ,  benef i t s  t o  businesses only ind i r ec t ly  r e l a t ed  
to  angl ing,  and perhaps the replacement value of the f i sh ing  experience. 
The l a t t e r  r e f e r s  t o  what an angler  would charge to  give up h i s  r i g h t  to  
engage i n  recrea t iona l  f i sh ing .  

Species o r  species  groups of i n t e r e s t  pr imari ly  to  the commercial 
f i sh ing  industry might be managed a t  Level 3 based on c e r t a i n  economic 
measures. These might include n e t  income to the f i she ry  aggregate,  
income to  boat owners, incomq to fishermen, income to  processors ,  and 
income to processing workers. A f i s h e r y ' s  cont r ibu t ion  to  the regional  
economy may well  a l s o  be a measure of i n t e r e s t .  

It i s  possible  t h a t  even i n  a commercial f i she ry  some measure of 
occupational s a t i s f a c t i o n  w i l l  warrant considerat ion when promulgating 
management regulat ions.  For example, many commercial fishermen could 
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earn a g rea t e r  income i n  shoreside occupations but p re fe r  the way of l i f e  
involved i n  f i sh ing ,  In  a sense,  the fisherman i s  always gambling t h a t  he 
w i l l  make a "big s t r i k e "  which may a l s o  be p a r t  of the  a l l u r e  a t tached  to  
t h i s  occupation. 

Experimental Management 

During the preceding discussions of management under the severa l  l eve l s  
of soph i s t i ca t ion ,  we have assumed, a t  least  i n  the  case of Levels 2 and 3 ,  
t h a t  a n a l y t i c a l  mathematical models would be used to  descr ibe the f i she ry  
and i ts  e f f e c t s .  Data co l l ec t ion  would be designed to  estimate parameters 
and thus f i t  the  models t o  the data .  With s u f f i c i e n t l y  f l e x i b l e  regulatory 
mechanisms, management could be conducted on an experimental bas i s  by 
observing the e f f e c t s  of var ious types of regulat ions.  However, some type 
of measurement both of the s tocks and of soc ia l  and economic benef i t s  
would be required i n  order  to  evaluate  the r e s u l t s  of experimental 
management e f f o r t s .  Perhaps, i n  view of the d i f f i c u l t i e s  which have been 
encountered i n  developing and f i t t i n g  r e l a i s t i c  mathematical models t o  
f i s h  populations,  t h i s  experimental approach might be the most r e a l i s  t i c  
and f r u i t f u l  method of engaging i n  f i s h e r i e s  management. 

Environmantal Conditions 

Environmental measurements have no t  been discussed i n  the  foregoing 
paragraphs. To the ex ten t  t h a t  a v a i l a b i l i t y  i s  a funct ion of the 
environment, and there  appears t o  be a s t rong r e l a t ionsh ip  f o r  many of 
the  sub jec t  spec ies ,  the a b i l i t y  to  p red ic t  environmental condi t ions i n  
tu rnava i l ab i l i t y  would be a powerful management too l .  Ava i l ab i l i t y  i s ,  
o r  can be, a component of a l l  models and 
management methods ; consequently pred ic t ions  of a v a i l a b i l i t y  may be 
incorporated i n t o  the management schemes. 

* * * * * * * 3: * * 




